The twisting angle of the stator vane designed by the developed method for theoretical design as for the same two examples has been also in good agreement with that of actual models designed by the conventional method based on experimental data of rotational angle of flow velocity in the race of the screw propeller.
Summary
By fitting stator vanes behind a screw propeller energy loss of rotational flow in the slip stream of the propeller can be reduced and hence the propeller efficiency can be improved. Then the stator generates thrust to propel a ship. Therefore the screw propeller with the stator behind it acts as one propulsor.
We call it stator-propeller in the present paper. So far, experimental methods were used for designing stator vanes and for obtaining propulsive performances of the stator-propeller. For experiments we need scale models of the stator-propeller and the ship, and the experimental work is time-consuming and expensive. The aims of the present research are to develop a method for theoretical calculation of propulsive performances of the stator-propeller and to develop a method for design of the stator by theoretical calculation in case that the geometry of the installed screw propeller is known. The vortex lattice method has been employed for the above-mentioned purposes. Kerwin The results of performance calculation show an appreciable improvement in propeller efficiency in open water and additionally the load of the screw propeller has reduced due to the effect of the stator.
The twisting angle of the stator vane designed by the developed method for theoretical design as for the same two examples has been also in good agreement with that of actual models designed by the conventional method based on experimental data of rotational angle of flow velocity in the race of the screw propeller.
Introduction
The The vortex lattice method has been chosen to this aim because of its feasibility to take into consideration the combination of a screw propeller, the stator and the duct of stator. The thickness of propeller blades, stator blades and the duct of stator has been considered to be small. Hence modeling of the screw propeller blade, the stator blade and the duct of stator has been made as follows. ( 1 ) According to the concept of Kerwin's roll-up model, a propeller blade have been replaced by the lattice of vortices and sources on its mean camber surface, along with a distribution of vortices shed in the transition wake and roll-up in the ultimate wake. The sources distribution has been assumed to be independent of time and determinable by application of the thin wing theory. Fig. 3 shows the vortex lattice model of the screw propeller. ( 2 ) A blade of the stator is replaced by one spanwise line vortex at the position of a quarter chord from the leading edge on the mean camber surface, which is followed by the lattice of trailing and shed vortices in a radial plane in downstream wake. The displacement effect of thickness of the stator blade is represented by three lines of sources on the mean camber surface. Fig. 4 shows the vortex lattice model of the stator. ( 3 ) The duct of the stator is replaced by a octagon bound vortex ring at the position of a quarter chord from the leading edge on the mean camber surface which is followed by the cylindrical lattice of trailing and shed vortices in downstream. Fig. 5 shows the vortex lattice model of the duct.
The number of vortex elements is as follows. On a propeller blade : 7 (spanwise) x 8 (chordwise), On a stator blade : 7 (spanwise) x 1 (chordwise) , On a duct of stator : 8 (peripheral) x 1 (chordwise).
2 Determination
of circulation of vortices and streangth of sources By applying the principle of conservation of circulation at each lattice point and Kerwin's formula we can 
where V is the resultant velocity vector at the i-th control point and n, is the outward normal vector to the mean camber surface at the i-th control point. The resultant velocity V, at the i-th control point is composed of the summation of all induced velocities of the vortex lattices of the propeller, the stator and the duct of stator, and undisturbed inflow velocity, namely, Since we replace the continuous source distribution by some discrete line sources, the strength of the discrete line source representing the chordwise element between sn and sn+i is given by the formula : ( 6 ) where s is the chordwise coordinate measured from the leading edge, 
3 Hydrodynamic forces of stator-propeller
Once the circulation strengths of all vortex elements have been determined, the hydrodynamic forces of the propeller, the stator and the duct can be calculated by using the same formulas as the previous paper") at the time of tilt.
The total hydmodynamic force of the stator-proleller is the vector summation of the following forces : 1) Lagally forces acting on sources and sinks, 2) Kutta-Joukowski forces acting on spanwise and chordwise vortices on blades and duct, 3) Unsteady forces due to the time derivative of sum of spanwise vortices between the leading edge and the concerning point along the chord, 4) Viscous drag along the chord of blade element. Finally the thrust and the torque of the propller and the thrust of the stator and the duct are calculated from the given in Table 1 and Table 2 respectively. The thrust and the torque in the uniform flow have been calculated in order to obtain the open water characteristics, KT (thrust coefficient) , KQ (torque coefficient) , 7) (propeller efficiency) , versus J (advance coefficient) . The thrust of KT is the total thrust of the propeller and the stator with the duct. The distribution of the twist angle of stator blades is shown in Fig. 6 for P175 and in Fig. 7 for P 137. The maximum twist angle is about 12 degrees for P 175 and about 9 degrees for P137 at the root of blades. 
, where Ds is diameter of stator. The differences between blades are not so much as to be taken into account. The circulations of stator blades distribute greater as r/R gets smaller. This distribution can be nearly regarded as the distribution of the thrust of the stator blade. 
3 ) The optimum stator induces the opposite rotational velocity to cancel (1 + E)v at infinity. Therefore the self induced rotational velocity of the stator at its own position is (1 + E)v/2. Thus the resultant inflow velocity into the section of the stator blade is determinable.
( 4 ) Since the resultant inflow velocity (vector) has been determined, the twist angle of the section of the stator blade can be calculated by the iterative procedure according to the principle described in Appendix of reference 9) . The computer program for theoretical designing the distribution of the twist angle of stator blades has been given is quite good. So conclusively the accuracy of the present design method by theoretical calcuation has been found very satisfactory even for practical use.
Final remarks and acknowledgments
In the present paper the authors has developed a method for theoretical caciculation of propulsive performances of the stator-propeller and a method for theoretical design of the stator behind a given propeller employing the vortex lattice models for the propeller and the stator with the duct. The results of numerical examples has shown good agreement with experimental results. The gain of the efficiency of the stator-propeller is proved to be about 5% to 7% by theoretical calculation of the present method. 
